Two new species of dinosaur from the mid-Cretaceous of China document previously-unknown stages in the evolutionary transition from primitive Jurassic carnivores to the highly transformed insectivorous alvarezsaurids of the Late Cretaceous.
Darwin famously preferred the phrase 'descent with modification' to the word 'evolution' to describe the pattern and process of the history of Life. All too often, though, the modifications acquired through evolution can obscure the evidence of the lineal descent of specialized organisms. New adaptations may modify the anatomy so drastically that only vestiges of the ancestral form remain. This is particularly true for lineages with large gaps in their fossil record, which otherwise would demonstrate the evidence of the stepwise transformations at different phases of the group's history. This problem is increased when trying to determine what possible extinct lineages were closest to the origin of a group, a situation in which molecular evidence cannot resolve the problem. The highly transformed anatomy of modern and extinct turtles, for instance, makes this group difficult to place with certainty among the various living and fossil reptile lineages [1] . However, the discovery of fossil forms of various intermediate stages can sort out once-problematic origins. For instance, the extremely specialized whales were once difficult to place among placental mammals, but a combination of genetic data and a wealth of new fossil discoveries has secured them among living and fossil artiodactyls (even-toed ungulates) [2] . A paper in this issue of Current Biology by Xu et al. [3] helps in recovering the evolutionary history of yet another highly transformed clade, the alvarezsaurian dinosaurs.
Unlike their distant relations such as giant carnivorous tyrannosaurs, horned ceratopsians, long-necked sauropods and plate-backed stegosaurs, alvarezsaurians are hardly familiar to the general public, or indeed even to many paleontologists. The eponymous genus Alvarezsaurus, described by Bonaparte in 1991 [4] , is known only from a single 83-85 million-year-old fragmentary skeleton from Patagonia. It was recognized as a member of the theropod dinosaurs, the diverse clade of bipedal dinosaurs including predators such as gigantic Tyrannosaurus and Spinosaurus as well as omnivorous superficially ostrich-like ornithomimosaurs and fully-feathered dinosaurs such as Velociraptor, oviraptorosaurs, and surviving as modern birds [5] . But its relation to any particular theropod group wasn't clear at the time, given the sparsity of evidence.
The first real glimpse at the details of the anatomy of alvarezsaurs came with the description of Mononykus from 70-million-year-old deposits in Mongolia by Perle et al. [6] . Known from better fossil material than Alvarezsaurus, this discovery revealed an approximately 1-meter long animal with slender hind limbs and a short and highly transformed forelimb with proportionately huge muscle attachments and only a single massive clawed finger. The braincase, keeled sternum, carpus (wrist), and pelves (hips) were exceedingly like those of modern birds and other members of the bird lineage more derived than Archaeopteryx, and thus Mononkyus was initially interpreted as an aberrant Cretaceous flightless bird. The peculiar forelimb was interpreted as being used to open insect nests, suggesting that this was an insectivore [7] .
Soon afterwards, another Patagonian Late Cretaceous taxon, Patagonykus, was discovered, providing evidence that it, Alvarezsaurus, and Mononykus formed a clade, Alvarezsauridae [8] . Additional alvarezsaurid species were found in the last two decades in Argentina, Mongolia, China, North America, and Europe. Initial analyses tended to confirm that alvarezsaurids were a branch of early birds [9] , although others found an alliance with the superficially bird-like ornithomimosaurs [10] among other positions [11, 12] . The increasing anatomical evidence suggested that alvareszaurids, with their short but proportionately massive and functionally single-clawed forelimbs and narrow snouts with small peg-like teeth, were likely dinosaurian anteater or aardvark analogues [13, 14] . (Alternatively, some have proposed an herbivorous diet [15] , but the analysis in question only explicitly tested between carnivory and herbivory, and thus did not evaluate the possibility of insectivory.)
As evidence mounted, it was discovered that the extremely bird-like or ornithomimosaur-like traits of the most specialized alvarezsaurids were missing in the earlier members, indicating these features arose by independent convergent evolution rather than shared evolutionary heritage. Thus, attempts to securely place Alvarezsauridae among the other theropods remained hindered by the incompleteness of many of the fossils and by the unusual morphology of what was known (containing similarities to different separate clades). Importantly, all alvarezsaurids known were recovered from the last 20 million years of the Late Cretaceous, many tens of millions of years after any reasonable predicted divergence point from the various proposed closest relatives.
Enter Haplocheirus: described in 2010 by Choiniere et al. [16] from 160-millionyear old (Late Jurassic) rocks, this 2-meter long theropod had a nearlycomplete and anatomically generalized skull and postcranial skeleton. A small number of anatomical traits -among them, the morphology of the enlarged manual digit I (thumb)
Nevertheless, a chronological gap of over 70 million years separated Haplocheirus and Alvarezsauridae, with a comparably-large morphological gap as well. (For perspective, this interval is longer than all the time that has passed since the asteroid impact that ended the Age of Dinosaurs.) Not surprisingly, some subsequent phylogenetic studies failed to recover a close relation between Haplocheirus and alvarezsaurids [17] , leaving the position of alvarezsaurids once again ambiguous.
One potential way of resolving this issue is to begin to close the gap in time and form between Haplocheirus and the Late Cretaceous species. As reported by Xu et al. [3] in this issue, two new different species of alvarezsaurians, both from the later Early Cretaceous of China, help to fill in these spaces. These are Xiyunykus of Xinjiang in the far northwest and Bannykus from Inner Mongolia along the northcentral border. Neither new form is complete, but enough is known to document that they represent two different intermediate stages between the ancestral morphology and the highly specialized Alvarezsauridae. Xiyunykus represents an earlier branching form retaining more of the ancestral morphology. Its forelimb is long and slender as in most non-alvarezsaurid maniraptorans, but its ulna shows the beginnings of the elongation of the olecranon process (the 'funny bone' projection on the upper end of the ulna) that is greatly developed in its more specialized relatives.
The arm is even more markedly transformed in Bannykus, being shorter and more powerfully developed. Although it still has three functional fingers (as in most of the relatives of the Alvarezsauria), the thumb is considerably larger and thicker than the others. Among alvarezsaurids for which the hand is known these digits are either vestigial or are missing altogether. Of particular interest, the middle finger of the hand of Bannykus shows an exceptional range of motion, which the authors speculate might have functioned similarly to the insect-probing fingers of the specialized lemur Daubentonia (the aye-aye of Madagascar).
The pelvis of this new dinosaur appears to show a vertical orientation of pubis, intermediate between the ancestral forwards-pointing position (as in Haplocheirus) and the bird-like backwards-pointing position of Alvarezsauridae. Unlike more primitive alvarezsaurs, but like most of the alvarezsaurids, the central bone of the long bones of the foot (metatarsal III) is compressed between the other two; however, unlike the most specialized of these dinosaurs (the parvicursorines, including Mononykus) the metatarsal in Bannynkus is not so compressed that it is excluded from the ankle.
The phylogenetic analysis by Xu et al. [3] confirms Haplocheirus as a Jurassic alvarezsaurian more securely, given the anatomical similarities with Xinyunykus. Alvarezsauria as a group was found as an early branch within Maniraptora, as with the initial Haplocherius study. One consequence of the new analysis is that the new anatomical traits observed shed light on some previously known fragmentary theropod dinosaur skeletons from Xinjiang, finding these to also be primitive members of Alvarezsauria. Aorun, described in 2013 from slightly earlier in the same geologic formation as Haplocheirus, was recovered as the earliest branching known alvarezsaurian. Tugulusaurus, from rocks in Xinjiang approximately equivalent in age to Xinyunykus, was found to be the closest known relative to that dinosaur, although on admittedly weak evidence given the limited fossil material available. (Xu et al. [3] entertained the possibility that the 'Xinyunykus' specimen was simply a new individual of Tugulusaurus but document a number of anatomical distinctions which make this unlikely.)
Previous paleobiogeographic analyses were ambiguous as to the region, as many of the primitive branches in the Late Cretaceous Alvarezsauridae were South American, yet Haplocheirus was from Central Asia [18] . That these new specimens are from China helps to secure the region of origin for the Alvarezsauria within Asia. That said, given that the alvarezsaurian nature of fragmentary specimens such as Aorun and Tugulusaurus escaped notice until now suggests the possibility that similar such fossils might exist unrecognized in collections from other parts of the world.
Although the new species increase our knowledge of these intermediate steps in the history the alvarezsaurian dinosaurs, unanswered questions remain. The skull and blade-like teeth of Haplocheirus are consistent with it being a feeder on small vertebrates, whereas those of the Late Cretaceous alvarezsaurids appear to have been adapted to insectivory (or possibly herbivory). The skulls of the new species are only poorly known at present, so determining their feeding mode is uncertain. Furthermore, there remains a gap of tens of millions of years between Haplocheirus and these later Early Cretaceous species, and between these and their Late Cretaceous kin. Much remains to be uncovered in the evolution of these enigmatic and unusual small dinosaurs.
A new study finds that a spindle motor makes an unexpected contribution to kinetochore-microtubule attachments and chromosome segregation.
Cell division requires coordination of a complex series of events that lead to one cell becoming two. During cell division, a molecular super-structure called the kinetochore assembles on each sister chromatid and binds to spindle microtubules to ensure that the genome is equally distributed. Under the microscope objective, kinetochores appear as diffraction-limited spots, but one shouldn't be fooled into thinking that all is simple and serene in those spots. In fact, every time a cell divides, a battle is waged at the kinetochore between opposing molecules and the fidelity of chromosome segregation is at stake. Decades of work has revealed the layout and composition of the kinetochore battlefield and the warring parties of kinases and phosphatases. While the battle nearly always concludes in a timely manner with a positive outcome -equal chromosome segregation -it wasn't evident how the cell avoided a stalemate.
